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Abstract

We introduce IR-Wire, a tool for information retvad
research and education in peer-to-peer file-shargyg-
tems. Built on top of LimeWire’'s implementationttoe
popular Gnutella standard, it includes functionglito
collect data on queries and shared files and stdhesn
in a way to make analyses simple. IR-Wire is desig
modularly to facilitate its customization for otheses.

1. Introduction

Peer-to-peer (P2P) file sharing is a popular Irgern
application with millions of users sharing millioo$ files
daily. Given the scale of the application, it isportant
that file-sharing systems be efficient. To bolsiebetter
understanding of how such systems operate thusostapp
ing research and development in this area, wedote
IR-Wire, a tool for the collection and analysesdata in
P2P file-sharing systems. To our knowledge, IR&N§
the only publicly available system that collectsadf@r the
file-sharing environment.

IR-Wire specifically implements the following featis
on top of the LimeWire’s popular Gnutella client:[2

1. Information retrieval (IR) style ranking techaésg [4].
2. A query logger.

3. A shared data crawler.

4. Tools for data analysis.

Our motivation for building IR-Wire is to collect
enough statistics on real networks to be abledaterreal-
istic models on data distribution and user behaviduch
information has direct bearing on networking, imfiation
retrieval, and information security research. &gample,
it could be applied to the need of creating a siashdiata-
set for P2P IR research [3].

2. System description

IR-Wire is built on top of LimeWire's open source
Gnutella system [2] and written in Java. The asddtitre
of the system is depicted in Figure 1. Embeddethén

basic LimeWire client, IR+ is a module that implertse
custom IR functions, such as alternative resulkiran
techniques. The Data Crawler module collects daah
are loaded into a MySQL database that, in turnads
cessed via a Data Analyzer. The Data Analyzersispa-
rate component to preserve system modularity.

Our modifications made to the core LimeWire system
are minimal and are kept in separate, well-deficladses.
This reduces the likelihood that independent modifi
tions to LimeWire will affect our system.
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Figure 1. Architectural design of IR-Wire

2.1 IR+

IR+ contains modifications to LimeWire's query pfoc
essor and is used for information retrieval redeardt
implements result-ranking functions and maintaitatis
tics that may improve ranking accuracy. Importstatis-
tics, for example, include a count of the numbefilef
names in which a term occurs and the overall frequef
a term over all filenames.

Two example ranking-functions ageoup sizeandco-
sine similarity (more ranking functions are described in
[4]). Group size ranks each result by the numbbeepli-
cas it has in the result set. This is the standantting
function in P2P file-sharing systems. Cosine sinty
maps the query and the filename to a vector spaoe,
ranks each result by the “closeness” of the vect®s-
sine similarity is often enhanced with the statstmen-
tioned above to assign weights to each term imtlesy.

In Figure 2, we show a screenshot of IR-Wire’'s clear
for “Mozart Clarinet.” By LimeWire default, grougpize
(denoted by “#”) is the primary ranking functiorOther
ranking scores (e.g., cosine similarity) are alsom.



| mozart clarinet (183) |
# | Marne | Size | Bitrate | Term Fr.. | Pracizion| Cozine Si..

27 Mozar Clarinet Quin... 8,202 KB 24 0.229 0.5
25 1-Mozart Clarinet Qu... 6,567 KB Fi] 021 0576
22 Mozart Clarinet Quin... 2,977 KB Tz 0z 0.46
22 1-Mozart Clarinet Qu... 5,922 KB az 021z 0.5
25 1-Mozan Clarinet Co... 8,259 KB [=t:) 0.305 0.569

2 Mozart Symphony ... 6,200 KB 123 2 0118 0.243

204 Out Of Africa- Cl... 7,252 KB 122 =} 0162 0477

Figl.jrelzn.' Screen shot of IR-Wire search results.
2.2. Query logger

The query logger records all queries received pgex
in a MySQL table. Each query message containgrirde
tion including the query terms and type of desifieras
described in the Gnutella specification [1].

As per the Gnutella specification [1], the only fes
a peer receives are those that it might be abbnsover,
based on a “content summary” that its neighborstaau.
To retrieve a complete set of queries, we modiffed|R-
Wire’s content summary to suggest that it sharemryev
possible file.

2.3. Peer infor mation collector

We use two techniques to take a census of the peers

the network. The first technique utilizes Gnutsllaet-
work-maintaining heartbeat protocol, called “pingg.”
Pings are transmitted to peers, which return pahgs
contain their IP addresses, port numbers, and mktixs.

However, not all peers respond to pings as per the

Gnutella specification [1].

2.5. Data analyzer

The Data Analyzer is a MySQL application and allows
the user to perform various analyses through aleinnger
interface. First, the user is able to write ad-B6IL que-
ries to determine information such as the numbgreefs,
the average number of shared files, the identdfethese
files and the average query length. Secondly, aeeh
implemented a number of more complicated data analy
ses, which help the user get a better sense otidkee
Some analyses are:

« Correlation analysis for the queries: which paifkey-
words frequently co-occur, and which do not.

« Distribution analyses: file popularity distribati, query
length distribution, data size distribution, quenpularity
distribution, and so on.

« Clustering analyses: classification of files acliog to
file type, and the classification of queries acaogdo the
guery constraints (e.g., type).

We currently have several gigabytes of Gnutella dat
from the second half of 2006. Sample results inbth
include that the average query has 2.94 terms, Ihae
75% of the queries are for audio files, more th@fo of
shared files are audio files, and two highly cated
terms are “hip” and “hop.”

In addition, temporal analyses for the resultslbfhe
aforementioned analyses are possible, e.g., howeguer
shared data change over time.

Another way we find peers is by issuing “sampling 3- Conclusions

queries,” which are queries that are general ensoghat
many peers should respond. Query responses altaico
information on peers. General queries can be dmHuc
from the query logs.

2.4. Peer content crawler

For each discovered peer, our client starts a otnte
browsing session to collect information about alisf
shared by that peer. The content-browsing funclitynia
implemented in LimeWire via the HTTP GET protocol.
The most recently discovered peers are crawled tfirs
reduce the failure rate caused by peers leavinghéte
work. For each file, information such as file narfikg
type, file size, and file’s metadata are put irtte tlata-
base. To expedite the crawling process, we crawlyma
peers concurrently. Note that peers have theowmf
disallowing the crawling of their directories.

IR-Wire addresses a need in P2P research — a freely
available tool that helps collect and analyze @ata P2P
systems. As a working system, it can also functiera
testbed for research on information retrieval vibich we
have been using it. To get a copy of IR-Wire andi-
lected data, please contact us or visit our Web, sit
www.ir.iit.edu/~waigen/proj/pirs
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